Objective: To determine whether physical and psychosocial load at work influence sickness absence due to low back pain. Methods: The research was a part of the study on musculoskeletal disorders, absenteeism, stress, and health (SMASH), a 3 year prospective cohort study on risk factors for musculoskeletal disorders. Workers from 21 companies located throughout The Netherlands participated in the part of this study on sickness absence due to low back pain. The study population consisted of 732 workers with no sickness absences of 3 days or longer due to low back pain in the 3 months before the baseline survey and complete data on the reasons for absences during the follow up period. The mean (range) period of follow up in this group was 37 (7-44) months. Physical load at work was assessed by analyses of video recordings. Baseline information on psychosocial work characteristics was obtained by a questionnaire. Data on sickness absence were collected from company records. The main outcome measure was the rate of sickness absences of 3 days or longer due to low back pain during the follow up period. Results: After adjustment of the work related physical and psychosocial factors for each other and for other potential determinants, significant rate ratios ranging from 2.0 to 3.2 were found for trunk flexion, trunk rotation, lifting, and low job satisfaction. A dose-response relation was found for trunk flexion, but not for trunk rotation or lifting. Non-significant rate ratios of about 1.4 were found for low supervisor support and low coworker support. Quantitative job demands, conflicting demands, decision authority, and skill discretion showed no relation with sickness absence due to low back pain. Conclusions: Flexion and rotation of the trunk, lifting, and low job satisfaction are risk factors for sickness absence due to low back pain. Some indications of a relation between low social support, either from supervisors or coworkers, and sickness absence due to low back pain are also present.
L
ow back pain is a major health problem, not only because of the high prevalence and incidence of low back problems, 1 but also because of the important consequences for disability, the use of health services, and sickness absence. This results in high costs. In 1991, the total cost of back pain to society in The Netherlands was estimated to be 1.7% of the gross national product. 2 More than half of the total cost was due to sickness absence related to back pain. 2 Back pain also accounts for many lost working days in other countries. [3] [4] [5] The relation between physical and psychosocial load at work, and the occurrence of low back pain has been the subject of many studies. However, most of these studies did not actually measure the physical load at work, or assess both physical and psychosocial load at work. Moreover, hardly any of these studies focused specifically on sickness absence due to low back pain as an outcome measure. Two recent reviews 6 7 identified 32 cohort and case-control studies on the effect of physical and psychosocial factors on low back pain, four of which investigated their relation with sickness absence due to low back pain. [8] [9] [10] [11] Only two studies collected data on sickness absence from sick leave records, but these studies did not include an assessment of the physical load at work. 9 10 The objective of the analyses presented in this paper was to determine whether physical and psychosocial load at work influence company registered sickness absence due to low back pain. The analyses are based on data from the study on musculoskeletal disorders, absenteeism, stress, and health (SMASH), a prospective cohort study among a working population, which was initiated to identify risk factors for musculoskeletal disorders. The results from this study on the relation between physical and psychosocial load at work and self reported low back pain are reported elsewhere. 12 
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PARTICIPANTS AND METHODS
Study population
For the SMASH, workers were recruited from 34 companies located throughout The Netherlands. The participating companies were asked to select workers who had been employed in their current job for at least 1 year and who were working 24 hours a week or more. Workers in blue collar jobs, as well as workers in white collar jobs and caring professions were included in the study. At baseline, 1789 (87%) of the 2064 workers who were invited to participate completed the questionnaire, 1738 of whom were eligible for participation in the part of the study focusing on risk factors for low back pain. 12 Baseline survey Between March 1994 and March 1995 the participants completed a questionnaire and underwent a physical examination. The questionnaire included questions on age, sex, smoking, exercise behaviour, 14 and coping skills. 15 Body mass index was assessed during the physical examination. Psychosocial work characteristics were assessed by a Dutch version of Karasek's job content questionnaire (JCQ), 16 which includes dimensions on quantitative job demands, decision authority, skill discretion, supervisor support, and coworker support. Conflicting demands and job security were both assessed on the basis of one single item from the JCQ. 16 Job satisfaction was assessed by one question concerning general opinion about the job. 17 The physical load factors trunk flexion, trunk rotation, and lifting of loads at work were assessed by video recordings and force measurements at the workplace. Four video recordings of all workers were made randomly during the course of 1 day. The duration of each video recording was 10-14 minutes, depending on the variability of the worker's tasks. The project assistants who made the video recordings classified all workers into groups with similar tasks and a similar physical load. Within each group, analyses of the posture, movement, and force exertion of one in four workers were made by observations from the video recordings. The mean values for flexion and rotation of the trunk and lifting of the workers in each group for whom the video recordings were analysed were assigned to all workers in the same group.
Assessment of the percentage of the working time spent with the trunk in a minimum of 30°or 60°of flexion was based on continuous observations from the video recordings. The categories of trunk flexion that were observed were defined as neutral (<30°), mild flexion (30-60°), extreme flexion (60-90°), and very extreme flexion (>90°). Assessment of the percentage of the working time spent with the trunk in rotation was based on multimoment observations from the four video recordings per person. The categories of trunk rotation were defined as neutral (<30°) and twisting (>30°) and were observed every 15 seconds. Assessment of the number of times workers lifted a load of any weight, or a load of at least 10 or 25 kg during a working day, was based on continuous observations from the video recordings and on force measurements made at the workplace. The number of lifts during the period observed (four times 10 or 14 minutes) was extrapolated to the number of lifts for an 8 hour working day. 12 Driving a vehicle at work and physical factors during leisure time were assessed by the Loquest questionnaire. 18 Follow up and sickness absence Adequate data on sickness absence were provided by 21 of the 34 participating companies. Of the 1213 participating workers from these 21 companies, 1080 (89%) had given their informed consent for a follow up based on their sick leave records. About two thirds of the workers were production workers-such as machine operators, product assemblers or packers-in different industries, for example the metal industry, the chemical industry, the pharmaceutical industry, the food industry, and the wood construction industry. About one third of the workers were office workers working as administrative staff in one of the manufacturing companies or working in a computer software or an insurance company.
Annually, from the start of the study, the companies provided the first and last dates of all sickness absences to the end of 1997. If available, the reasons for absence were provided by the companies or by the physicians of the occupational health services. Also, the physicians coded the reasons for absence according to an adapted Dutch version 19 of the 9th revision of the international classification of diseases (ICD-9). 20 The following diagnoses were considered to constitute sickness absence due to low back pain: lumbosacral spondylosis and spondylosis of unspecified site (ICD The main measure of sickness absence used in the present study was the rate of sickness absences of 3 days or longer due to low back pain. For each employee, the number of absences of 3 days or longer due to low back pain during the follow up period was computed, and the overall person-time at risk (excluding time spent on sick leave) was calculated in person-years. 21 Workers with a follow up period of less than 6 months (n=20) and workers with sickness absences due to low back pain of 3 days or longer in the 3 months before the baseline measurement (n=30), or with missing data on the reasons for absences during this period (n=42) were excluded from the analyses in this study. This resulted in a final cohort of 988 workers.
Statistical analysis
Poisson regression models were used to calculate rate ratios (RRs) and corresponding likelihood ratio based 95% confidence intervals (95% CIs). 21 The analyses were carried out with the statistical package SAS (Version 6.12). To be able to make comparisons between results, the division into categories of the work related physical and psychosocial factors under study was the same as that used for the analyses of the relation of these factors with self reported low back pain, reported elsewhere. 12 13 Potential confounding was adjusted for in multivariable analyses. To prevent collinearity it was checked whether the work related physical factors, psychosocial factors, and the other independent variables had a correlation coefficient <0.50. This was the case for all variables, except among the work related physical factors. The correlation between the work related physical and psychosocial factors was always lower than 0.30.
The adjusted RRs were determined in a full model including one of the risk factors under study, the individual factors, other psychosocial work characteristics, physical factors during leisure time, and other work related physical factors. A stepwise procedure was used to construct the full model. This made it possible to determine whether the results were mainly influenced by adjustment for the group of individual factors, the group of other psychosocial work characteristics, the group of physical factors during leisure time, or the group of other work related physical factors.
To determine the presence or absence of a healthy worker effect, the multivariable analyses described were repeated for those workers who had been employed in their current job for 5 years or less at baseline. Moreover, as risk factors for sickness absence (or the size of their effect) may differ for absences of different duration, the multivariable analyses were also repeated separately for short (3-7 days) and long absences (>7 days).
RESULTS
From the cohort of 988 workers, data on the reasons for all absences of 3 days or longer during the follow up were available for 732 workers (74%). About 25% of the workers in this group were women. The mean (range) age of the workers was 36.4 (18-59) years. The mean (range) period of follow up of sickness absences in this group was 37 (7-44) months. Table 1 shows the rates and number of absences of 3 days or longer due to low back pain according to age and sex. The rate of sickness absence due to low back pain was about twice as high among men as among women. Of the 149 (20.4%) workers who were absent due to back pain during the follow up, 100 (67.1%) were absent once, 34 (22.8%) were absent twice, 14 (9.4%) were absent three times, and one was absent four times for this reason. The diagnosed codes of most absences due to back pain were unspecified back disorders (ICD number 724). Table 2 shows the effect of work related physical factors on sickness absence due to low back pain. Trunk flexion, as well as trunk rotation and lifting at work, were significantly associated with the occurrence of sickness absence due to low back pain. A dose-response relation was found for trunk flexion, but not for trunk rotation or lifting. For lifting, the initial dose-response relation that was found in the crude analysis disappeared after adjustment for confounders. The decrease in the estimated RRs for lifting and trunk flexion and rotation was caused by adjustment for the individual factors, the psychosocial work characteristics, and driving a vehicle at work. The effects of flexion and rotation of the trunk and lifting at work were not adjusted for each other for reasons of collinearity. In the subgroup of workers who reported that they had been working in their current job for 5 years or less at baseline, the adjusted RRs for all work related physical factors under study were higher than those in the complete cohort. Table 3 shows the effect of psychosocial work characteristics on sickness absence due to low back pain. After adjustment for confounders, a significantly increased RR was only found for low job satisfaction. The RRs for low supervisor support and low coworker support remained increased after adjustment for potential confounders, but were no longer significant. The decrease in the estimated RRs for these factors and the disappearance of the effect of decision authority and skill discretion was mainly caused by adjustment for the other psychosocial work characteristics. The disappearance of the effect of skill discretion was also caused by the adjustment for work related physical factors. In the subgroup of workers who reported that they had been working in their current job for 5 years or less at baseline, the adjusted RR for low supervisor support was substantially higher than in the complete cohort. Moreover, a clearly increased RR was found for medium decision authority, which showed no relation with sickness absence due to low back pain in the complete cohort. Tables 4 and 5 show the effect of work related physical factors and psychosocial work characteristics on short and long absences due to low back pain, separately. The work related physical factors had a stronger relation with long absences than with short absences. The strongest relation between psychosocial work characteristics and short absences was found for low supervisor support, and the strongest relation with long absences was found for low job satisfaction. 
DISCUSSION
In this longitudinal study, RRs ranging from 2.0 to 3.2 were found for the relation of trunk flexion, trunk rotation, and lifting at work with sickness absence due to low back pain. Trunk flexion showed a dose-response relation with increasing duration and also, although less clear, with an increasing degree of trunk flexion. Lifting loads of any weight increased the risk of sickness absence due to low back pain. No increase in risk was found with increasing frequency of lifting, or with increasing weight of the load lifted. Due to the strong correlation between flexion and rotation of the trunk and lifting at work in the study population, the independent effects of these exposures could not be assessed. The associations between trunk flexion, trunk rotation, and lifting at work and sickness absence due to low back pain were stronger than the associations between these factors and self reported low back pain found in the same study (RRs of about 1.5). 12 Moreover, the risk started to increase at lower levels of exposure.
The RRs ranged from 1.4 to 2.0 for low supervisor support, low coworker support, and low job satisfaction. The adjusted RRs for supervisor and coworker support were not significant. Quantitative job demands, conflicting demands, decision authority, and skill discretion showed no relation with sickness absence due to low back pain in the complete cohort. The strength of the associations between low supervisor support, low coworker support, and low job satisfaction and sickness absence due to low back pain was similar to those of the association between these factors and self reported low back pain found in the same study. 13 The analysis of the group of workers who had been employed in their current job for 5 years or less at baseline showed stronger associations with sickness absence due to low back pain for the work related physical factors under study, for medium decision authority, and for low supervisor support. A weaker association was found for low coworker support. These results may indicate the presence of a healthy worker effect in the complete cohort. The results for supervisor support and coworker support are similar to the results of the analyses of the relation with self reported low back pain in the same subgroup. 13 Comparison of complete cohort and subgroup results might indicate that different types of support are important during different stages of employment. The separate analyses for short and long absences showed the strongest associations for the relations between long absences and trunk flexion, trunk rotation, lifting, and low job satisfaction, and for the relation between short absences and low supervisor support.
Selectiveness in the permission obtained for the collection of data from sick leave records might be a source of bias in this study. The percentage of workers with low back pain in the 12 months before baseline, and in the highest exposure category of the work related physical factors under study, was higher among the group of workers who did not give consent for the collection of data on their sickness absence than among the group of workers who did (data not shown). This may explain the decline in the RR in the highest exposure category of the variables >30°of trunk flexion and >30°trunk rotation.
The choice was made to consider the same set of variables in the analyses presented in this paper as in the analyses with self reported low back pain as the outcome measure. 12 13 However, sickness absence due to low back pain may be influenced by other variables that may also confound the relation between work related factors and sickness absence due to low back pain. Socioeconomic status might be such a variable. However, the role of socioeconomic status is complex because the type of job (occupational class) with its specific level of physical load is one of the main indicators of socioeconomic status. 22 In the present study, workers in very different occupations were included to ensure adequate variation in the work related physical exposures. This means that adjustment for socioeconomic status may lead to overadjustment. Therefore, we decided not to do this.
Company is another variable that was not taken into account in the analyses, but that may be important in relation to sickness absence. There may be different cultures on sickness absence within different companies. Also, return to work policies may differ between companies. To determine the influence of company, a multilevel analysis could be performed, in which different hierarchical levels in the sample (in the present study, company and individual level) can be taken into account and the influence of variables measured at different levels can be examined simultaneously. 23 However, one of the problems of multilevel models for the present analyses is that these models have not been completely worked out for outcome variables with a Poisson distribution. This results in differences in findings for the same dataset, depending on the specific software package used.
Three other prospective cohort studies also collected data on sickness absence from company records. 9 10 24 The present study confirms the findings of Wickström and Pentti, 24 who reported an RR of 2.6 for the relation between self reported exposure to harmful biomechanical loads at work and sickness absence due to back pain. They also found an RR of 1.7 for the relation between sickness absence due to back pain and a lack of recognition and respect at work, one of the aspects of lack of social support. Rossignol et al 10 examined the effect of boredom at work and job satisfaction on sickness absence due to back pain. They only found an effect of low job satisfaction. The Whitehall study 9 investigated the effect of psychosocial work characteristics on short and long absences due to low back pain. Low decision latitude, a combined measure of decision authority and skill discretion, showed the most consistent effects. The fact that this result was not confirmed in the present study might be explained by the lack of adjustment for physical load at work in the Whitehall study, or by the fact that the Whitehall study population only included office workers. The effect of psychosocial work characteristics may be more pronounced in a population that is relatively homogeneous for other potential determinants (physical load at work) of low back pain.
The findings from the present study are in agreement with the results of two recent reviews of the literature on physical and psychosocial risk factors for low back pain, which also showed that the evidence is strongest for trunk flexion and rotation, manual material handling, low social support, and low job satisfaction as risk factors for low back pain. 6 7 The main conclusion which can be drawn from this study is that the work related physical factors of flexion and rotation of the trunk and lifting at work are risk factors for sickness absence due to low back pain. Of the psychosocial work characteristics under study, low job satisfaction was found to be a risk factor for sickness absence due to low back pain. Some indications of a relation between low social support, either by supervisor or coworker, and sickness absence due to low back pain are also present. The other psychosocial work characteristics were not found to be related to sickness absence due to low back pain in the present study.
The results suggest that high physical load is more strongly related than high psychosocial load to increased sickness absence due to low back pain. Furthermore, high physical load seems to be more strongly related to sickness absence due to low back pain than to low back complaints. This implies that decreasing the physical load at work, especially for workers with low back complaints, may be an important tool in the prevention of sickness absence due to low back pain. Also, improving job satisfaction and social support at work may contribute to the prevention of sickness absence due to low back pain.
